Abstract-The effects of the inclusion of the SiC flow channel insert (FCI) in a dual-coolant lithium-lead (DCLL) blanket placed in a representative Demo reactor on various key neutronics parameters are studied. These parameters are: tritium production ratio (TBR), power multiplication (PM), profiles of nuclear heating, peak damage parameters (dpa, helium and hydrogen production rates) in the structure, vacuum vessel and shield, peak heating rate and fast neutron fluence in the TF coils. Various thicknesses and density factors of the FCI are considered. These effects are examined in both radial and toroidal direction by 1-D and 2-D models.
INTRODUCTION
In the DCLL blanket helium under 8 MPa pressure is used to cool the first wall (FW) and blanket structure whereas Pb17Li (LiPb) eutectic (with 90%Li-6 enrichment) is circulated in the poloidal direction inside back channels to both remove heat and breed tritium in these zones [1] . The low-activation ferritic steel FS [2] , F82H, is used as the structural material. To thermally isolate the relatively high temperature Pb-17Li breeder from the FW region, a SiC flow channel insert (FCI) is used as a linear in all the LiPb channels and it also acts as an electrical insulator to mitigate MHD effects. The insertion of the FCI inside the breeding channels, while providing both thermal and electrical insulation and hence reducing pressure drop and allowing for higher operation temperature, it can have an adverse effects on other nuclear parameters such as TBR and PM. In the present work we examine its impact on these and other parameters (e.g. damage rates, magnet protection) in a Demo reactor configuration by varying its thickness (from 2 mm to 15 mm) and its density (100% and 20%) to represent solid and foam types. The blanket is placed in a Demo type reactor with fusion power of 2116 MW, major radius of 5.8 m, minor radius of 2.23 m, and aspect ratio of 2.6. The FW at the mid-plane is placed at 3.47 m (inboard, IB, side) and at 8.13 m (outboard, OB, side). Previous work [3] showed that the peak and average neutron wall load (NWL) at the OB are 3 . Description of the configuration and calculation procedures is given in Section II. The results from the present study are discussed in Section III while the concluding remarks are cited in Section IV.
II. GEOMETRY AND CALCULATION PROCEDURES
The blanket thickness is 73.7 cm [3 LiPb (LL) channels] in the OB and 49.5 cm (2 channels) in the IB. This excludes the module manifold and back plate. A 2 mm-thick Be PFC armor is considered. The DCLL module (shown in Fig. 1 , OB) is contained in 2.8 cm-thick SS enclosure. The SiC FCI (shown as white boxes with thickness 5 mm) is inserted in each channel with a 2 mm LL gap kept between the FCI and the channel walls. The assess the impact of the variation in the SiC FCI thickness/density on the key neutronics parameters in the radial direction,1-D calculations (using ANISN, S 8 P 5 , Ref. 4) were performed in which the IB and OB are simultaneously modeled. Toroidal effects were investigated with 2-D calculations in X-Y geometry using the PARTISN 3-D code [5] . The 175n-42g library based on FENDL2.1 cross section data [6] was used.
III. RESULTS

A. 1-D Assessment
1) Tritium Production and Power Multiplication
The 1-D tritium breeding ratio, TBR, in the case where the SiC FCI is not utilized is ~1.32 and is dominated by the contribution from the OB (~70%) of which ~60% is contributed from the 1 st channel. The results show that the inclusion of a 5mm FCI in all the LL channels reduces the TPR, by ~6.6% (~12.7% with 10mm FCI.) When lower density (20%) 5mm-thick FCI is used, the reduction in the TPR is ~2.6% (~5.4% with 10mm-20% FCI). The decline in the TBR is nearly linear with the FCI thickness. This is shown in Table II where the contribution from the OB and IB are explicitly depicted. The TPR values shown exclude the ~12% contribution from the divertor zone. The impact on the total power multiplication (PM) from variation in the FCI thickness is less pronounced. Table III shows the PM in the IB, the OB, and the system as a function of the FCI thickness along with the % change relative to case when the FCI is not utilized. The PM in the system drops from 1.16 to 1.13 (~2% change) upon using 5mm-thick FCI and to 1.12 (3.7% change) upon using 10mm-thick FCI. Note that the IB PM is generally larger than the OB PM. It is found that the contribution of the IB and the OB to the total power deposited in the system is insensitive to the FCI thickness/density (25% in the IB, 75% in the OB) although ~22% of the 14.1 MeV neutrons go to the IB and the remaining neutrons (~78%) go to the OB. With regard to the contributions of the individual materials to the total power of the system, they are for the 0mm-thick FCI case: 13.5% FS, 84.5% LL, 2% Be, and ~0.01% SiC (from the outer manifold). The corresponding contributions in the 5mm-thick FCI case are: 13.1% FS, 79% LL, 2% Be, and 6.1% SiC. Thus, the % contribution from the structure and LL to the total power decreases and the % contribution from SiC increases with the FCI thickness. However, as shown in Table  III , the system power multiplication (and total power) decreases upon the insertion of the FCI. The decrease in the contribution from LL is due to both the geometrical replacement of LL with the FCI and to the change in the neutron spectrum upon the FCI insertion. As expected, using less dense SiC (for the same FCI thickness) leads to less contribution from the SiC and more contribution from the structure and LL. These results are summarized in Table IV . 
2) Local Tritium Production and Heating Rate Profiles
The radial profiles of tritium production rate (TPR) in the LL showed slight increase (few %) near the front LL gap between the FCI and the channel wall, particularly in the 1 st OB channel, with increasing the FCI thicknesses. However, as was shown in Table II , the integrated TBR suffers a decline upon the FCI insertion. The local heating rate profiles in the structure and LL show much larger increase near the front LL gap of the 1 st channel, both on the IB and OB sides, although the integrated values and PM decrease with FCI thickness. Without utilizing the FCI, the peak heating rate in the LL is ~39 W/cm3. With a 5mm-thick FCI, the peak heating rate is ~41 W/cm3 (~5.6% increase). The % increase in local heating rate reaches a value of ~32% at a depth ~0.65 cm in the channel, as can be seen from Table V. Larger % increase is realized with the 10mm-thick FCI (up to 58% increase) over a larger depth in the Channel. Proper cooling design should accommodate for this large local enhancement in the volumetric heating rates near the FCI. 
3) Damage Parameters in the First Wall, the Shield, and the Vacuum Vessel
The peak DPA rate in the F82H structure in the FW is shown in Table VI along with its percentage change from the no-FCI case. The reduction in the DPA rate upon the FCI insertion (~6%-5mm FCI, ~3%-10mm FCI) is mainly due to the spectral change caused by the reflected neutron reaching the FW. Less dense FCI lessens this reduction (larger damage.) With the lifetime limit of 200 dpa, the OB blanket lifetime is 3.4 yr, 3.6 yr, and 3.7 yr with no FCI, with 5mm-thick, and 10mm-thick FCI, respectively. The corresponding values with the 20% density FCI are 3.4 yr and 3.5 yr. The peak helium and hydrogen production rates at the FW of the OB are estimated to be ~641 appm/FPY (5mm FCI) and ~2637 appm/FPY (10mm FCI.) They are ~422 appm/FPY and ~1740 appm/FPY at the IB. These values are insensitive to the inclusion of the FCI. The peak DPA rates in the structure of the IB and OB shield, along with their change are given in Table VII . The trends shown are similar those discussed above, namely: increasing the FCI thickness tends to decrease the DPA rate and using less dense FCI tends to increase this damage rate. There are two factors that govern the DPA rate; the scattering/absorption properties of SiC vs. LL and the fact that the FCI physically replaces a portion of LL when inserted in the blanket. Because the attenuation characteristics of LL is much larger than SiC, the later factor tends to increase the damage since harder neutrons reach the shield whereas by virtue of the former factor, interactions with SiC tends to produce neutron spectrum with less damage effect. The later factor is dominant, for example, the DPA rate on the OB side is larger by ~53% if a10mm-20% density FCI, is employed.
One notices from Table VII that the DPA rates in the IB structure are larger than the corresponding values at the OB. The end-of-life (30 yr) accumulated DPA in the worse case of 10mm-20% FCI is ~78 dpa at the IB and ~46 dpa at the OB. For a damage limit of ~200 dpa, the shield can be considered a lifetime component (no replacement) by a large margin (~2.6, IB.) This was also found to be the case for the outer manifold structure whose damage parameters have the same trends. The accumulated helium atoms in the vacuum vessel (appm) at the end of the plant lifetime (30 years) are shown in Table VIII . At the OB side, they decrease upon the insertion of the FCI by ~38% (5mm FCI) and by ~59% (10mm FCI). However, less dense FCI tends to increase its value by ~24% and 40%, respectively for the reasons discussed above. The accumulated He atoms in the worse case with the 10mm-20% FCI (0.49 appm, IB) is below the 1 appm design limit by a comfortable margin (at least a factor of 2 in the IB.) This margin can account for uncertainties in modeling and possible hot spots from streaming. Rewelding requirement is satisfied in this worse case. 
4) Damage Parameters in the Toroidal Field Coils
The peak heating rates in the TF coil (mW/cm3) are given in Table IX as a function of the FCI thickness/density. The heating rate on the OB side decreases when the FCI is utilized by ~41% (5mm FCI) and ~62% (10mm FCI). Using less dense FCI results in a larger increase in the heating rate by ~30% and ~44%, respectively. All the attainable values are below the design limit of 1 mW/cm3. The peak fast neutron (E n >0.1 MeV) fluence (in 30 years at the TF outer casing is depicted in Table X . The trends are similar to those discussed above for the peak heating rates. The largest fluence is attained at the inner TF leg when 10mm-thick FCI with 20% density is utilized. Nevertheless, the attainable fluence at this location does not exceed the design limit of 1.0E19 n/cm2. 
B. 2-D Assessment
The DCLL module shown in Fig. 1 was modeled in 2-D to study the local variations in key parameters due to heterogeneity in the toroidal direction. Specifically, the heating rate profiles in the OB were generated in the radial and toroidal directions for the case of 5mm-thick FCI. The 3-D PARTISN Sn Code [5] was used in 2-D X-Y configuration with S 8 P 5 approximation. The X-Y geometry is shown in Fig. 3 . It includes half the module shown in Fig. 1 (the 3 rd and 4 th Row.) Half the central radial grid is considered in the model (right side in Fig. 3 ) with a reflective boundary (BC) condition. Reflective BC was considered at the left side (y=0). The number of x-y meshes generated is 247X60. Details included the shield, outer manifold, the VV, and the TF magnet. The heating profiles were generated in the radial direction at the lines 1-14 (across the breeding channels) and at the lines R1, R2, and R3 (across the structure) shown in Fig. 3 . Heating profiles in the toroidal direction were generated at the lines A, B, C, and D (in the structure) and at the lines CH-1, CH-2, and CH-3, across the three breeding channels. Regional integrated values in various regions were calculated for subsequent structural, fluid mechanics and MHD analyses.
The toroidal heating rates in the FW, in the 1 st and 2 nd divider, and in the back plate (along lines A, B, C, and D in Fig. 3 ) are more or less constant except a slight increase is observed near the frame side wall and the central (mid) radial grid as depicted in Fig. 4 . This is also apparent in Fig. 5 where the radial heating rate profiles in the structure are shown along line R1 (module left side wall), R2 (left grid), and line R3 (mid grid.) While the profiles along lines R2 and R3 are identical, the heating rate profile along line R1 exhibits larger values due to the rather larger thickness of the frame side wall.
Significant changes in the heating rate occur in the toroidal profiles across the LL breeding channels (lines CH-1, CH-2, and CH-3). This heterogeneity effect is shown in Fig. 6 where it can also be noticed that larger values are attainable at locations closer to the left side walls. The radial heating rate profiles along lines 4 and 11 (see Fig. 3 ) inside the three LL channels of the OB are shown in Fig. 7 . As mentioned earlier, significant increase in the heat deposition rate is realized in the 2mm-thick LL gap between the FCI and the 1 st channel Walls and at locations adjacent to the FCI. These large local heating rates require adequate cooling system to recover the deposited power. This is also demonstrated in Fig. 3 where the integrated deposited power (W) is given in each region per unit length in the poloidal direction (perpendicular to the paper). As seen, the power deposited in the front 2mm-thick LL layer inside the 1 st channel of Row 4 (left channel in Fig. 3 
IV. CONCULDING REMARKS
This study focuses on investigating the impact of the SiC flow channel insert (FCI) on the nuclear environment inside a Demo type reactor, both as a function of its thickness and density. The 1-D assessment showed that the TBR (~1.32) is dominated by the contribution from the outboard, OB(~70%), of which ~60% is contributed from the 1st channel. The reduction is almost linear with the FCI thickness (5mm:-6.6%; 10mm:-12.7%). Lower dense FCI has less impact on TBR (5mm-20%: -2.6%, 10mm-20%: -5.4%). The overall Power Multiplication, PM, slightly decreases as the FCI thickness increases (5mm:-2%, 10mm: -3.6%). However, the local heating rate in the OB LiPb gap between the FCI and the channel walls largely increases with the FCI thickness (5mm: 32%; 10mm: 58%). The heat removal design should accommodate for this large local heating in LiPb.
The peak DPA rate in the FW of the OB decreases as the FCI thickness increases (5mm:-6%; 10mm:~10%) and the decrease is less pronounced with the lower density FCIs. For the 200 DPA replacement limit, the blanket lifetime (~3.5 yr) increases as the FCI thickness increases (5mm: 3.6 yr, 10mm: 3.7 yr). The peak He and H production rates in the FW are insensitive to the FCI thickness. The rewelding requirement is satisfied in the vacuum vessel, even with the worse case of 20% density 10mm FCI. As for the TF coils, increasing the FCI thickness largely decreases the peak heating rate in the TF coil at the IB (5mm: -40%, 10mm: -60%). Significant increase in its value occurs when using less dense FCI. Even in the worse case (10 mm, 20% dense); the peak value is less than the design limit of 1 mW/cm3.
The 2-D calculations show slight change in the FW heating rates in the toroidal direction. Larger values are attainable near the outer module frame. The significant increase in local heating inside the LL gap between the FCI and the channel walls was also revealed in these calculations and proper cooling system is required. The regional integrated power deposited in each zone has been assessed. This information will be used for subsequent thermal-hydraulics/structural analyses.
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